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Elements for Building Consensus

• Context:  a systems design decision supported by
Simulation Based Acquisition and decision tools

• Purpose:  making a tradeoff decision to maximize
benefits vs. costs, while -
ü satisfying system requirements
ümeeting program constraints
ü assuring “buy in” and ongoing support from key players

• Participants:  should represent –
ü all relevant skills/experience areas
ü all significant organizational perspectives

• Tools:  should enable and facilitate –
ü understanding all major dimensions of the problem
ü seeing the “big picture”
ü exploring underlying detail and assumptions
ü recognizing and reconciling any inconsistencies
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Example:  Missile Performance
Improvement & Cost Reduction

SEPARABLE BOOSTER
& THRUST VECTOR CONTROL

STEERING CONTROL

ROCKET MOTOR
POWER CONDITIONING & TELEMETRY

WARHEAD

GUIDANCE SECTION

DORSAL FINS

 41 subsystem & component options -
100,000+ potential configurations

(for manageability reasons,
used 21000+ in the experiments)

High Level Metrics:
- Acquisition cost
- Defended area
- Life cycle support costs
- Probability of Raid Negation  
- Others

Notional Problem
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  …
  At least one of …
  At most one of …
  Exactly one of …
  At least two of …
  At most two of …
  Exactly two of …
  …
  Always together …
  …

Configuration Definition Rules

Logic
Analysis

Tool

Table of unique
Allowed

combinations
and

performance

Table of
configuration
options and
constraints

   
  optional component 1
  optional component 2
  optional component 3
  optional component 4
  optional component 5
  optional component 6
  optional component 7
   

Exactly one of

component 2

component 3

component 4
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Data Preparation for Decision Experiments

Configuration
option

Baseline 
Configuration &

Performance

Adjusted
Performance

Cost
calculation

Reliability
calculation

Logistics
calculation

System
Data
Base
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Participants in Decision Experiments

• Program office perspective

• Missile design engineering

• Military service, including missile operations

• Military wargaming and analysis experience

• Simulation modeling

• Mathematical/analytical experience
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Selecting Display Axes
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Three Variable Comparison View

Color is third
variable:
Reliability

Axes show
positioning
vs. two
variables:
Back-range
defended for
two different
target types

Each “dot”
shows one
alternative
configuration

BACK RANGE DEFENDED for TARGET TYPE 2
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 Configuration Subset Comparisons (1)
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 Configuration Subset Comparisons (2)
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Viewing Overall Patterns

RELIABILTY TOTAL
COST
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Narrowing to a Subset of Interest

ACQUISITION
PRODUCTION
COSTBACK RANGE DEFENDED for TARGET TYPE 1

Each “dot”
shows one
alternative
configuration

Items for each
configuration
listed here
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 High Level Metric Comparisons
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Limits to the Technology Trade Space

ACQUISITION PRODUCTION COST
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Pairwise-Comparison Methods

• Focus group attention on specific tradeoff elements

• Avoid “mental overload” in problem space
• “magic number 7 plus or minus 2” phenomenon

• Normally performed as a “top-down” allocation of a
key factor, such as “priority” or “importance”

• Top-down approach did not fit this problem
structure very well

• Partitioned “bottom-up” approach did work well

• Normally 1 thru 9 “scale” is used

• Adjusting the scale to fit the range of variations
worked better for this problem
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Pairwise-Comparison Data Capture

30% cost 
reduction

15% cost 
reduction

30% 
backrange 
increase

15% 
backrange 
increase

0%            
(base 
case)

15% cost 
increase

15% 
backrange 
decrease

30% cost reduction 1

15% cost reduction 1

30% backrange increase 1

15% backrange increase 1

 0% (base case) 1

15% cost increase 1

15% backrange decrease 1
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Summary

• Seeing the “big picture” of performance vs. cost for
multiple component options was valuable

• Analytic Hierarchy Process (pairwise-comparison)
results consistent with graphical visualization
decision sessions

• Participants preferred the graphical visualization
session approach for configuration selections

• Volume of data and variety of choices/options can
create “data overload”

• Reaction to graphical displays favorable

• Improvements to graphics suggested

• Participant reactions were positive
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